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Why Does Flux Matter? A ARCADIS g
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Contaminant distribution is

only half of the story

* Need to distinguish mass in
high permeability and low

permeability zones to
understand mass transport

Mass Flux describes the
concentration of

contaminant movement
* Understand risk

» Evaluation of focused remedy
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Mass Flux and Mass Discharge

Mass Flux - the mass flow across a unit area

J = K| C (mass/time/area)
K = Hydraulic Conductivity (i.e. permeability) ~ Mass bischarge (Mq)
* | = Hydraulic Gradient Sum of Mass Flux

| . Estimates
« C = Concentration (in groundwater) / \

Source

/

>
Flux JBi,j

Mass Discharge —
Integrated mass flux

My = IA J dA (mass/time)
 J=Mass Flux
e A= Total area Adapted from ITRC, 2010

Transect A

Transect B



Relative Mass Flux
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We can drop the gradient term, as K varies >> |

J, = KC

Sand
K =102cm/sec
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Where the Groundwater ~ AARCADIS&
Flows...

Most soil types are not
aquifer material

 The aquifer matrix is §
laid down In high-energy &

: T o
environments g 3 g

silt
+ Hlanenoray
clay loam

environments are
heterogeneous and W
anisotropic /,, sandy loam

S A g

100

Percent Sand
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Stratigraphic Flux

Link mass flux
analysis with classical
geological
Interpretation to
describe the 3-D
aquifer architecture

 Focus evaluation
on zones that
matter

* Helps prioritize

Floodplain

Cut bank

Levee

Lateral

remediation efforts accretion
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Meandering Channel

Transport zones

— Crevasse
splay

Overbank
deposits

Channel deposit

Storage zones
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Facies and Permeability A ARCADIS
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Basis for Interpolating A ARCADIS
Borings A o
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Measurement of Mass Flux
and Mass Discharge

Passive Flux Meters -

Well Capture \

Transect Methods

Nichols and Roth,
2004
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Traditional Transect
Method

1. Transect perpendicular to
plume

2. At each sample interval
collect:

«  Groundwater analytical (C)
«  Hydraulic Conductivity (K)

hd
3. Calculate J and M NIROEE @/ P
Time consuming and of limited (o Fole fo [w
resolution:
J =KiC
« Conductivity measurements =
typically bias low P I T T
- averaged across several feet S N N N
Md = J,JdA

Nichols and Roth, 2004



K Profiling Tools  _ __ _ AARCADISE=™
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Pressure (P) Flow (Q)

K Profiling Tools L
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1 %J O
Map facies and : i :
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The K Challenge

Hydraulic profiling tools
easily separate:

- Transport zones from
storage zones

Estimate absolute K in
relatively small window
of conductivity:

« ~104to 102 cm/s

« Slow advection to low-end
of transport range

B Wichita, KS
A Clarks, NE

X Monona, WI
X 5th St, Salina
© Halstead, KS

¢ CtnWd Model

=== Expon. (CtnWd Model)

0.01 0.1
(Geoprobe 2010)

Storage zone

Hyd. Cond. (ft/day)

Transport zone

—
- ] |
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igh,
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g | _ I Friction
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low
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Groundwater A ARCADIS
Concentration

Transport Zones

Vertical aquifer profiling

» Direct Push: screen point sampler

« Sonic: temporary well / packer assembly
* Drilling with water requires dye

« Traditional (Augers): temporary wells,
Simulprobe

- Waterloo Profiler, HPT-GW
Storage Zones
Saturated soil sampling

- Estimate groundwater concentration based
on partitioning or leaching method




Case Study: Flux
Based Optimization of

P&T System
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Scope

Optimize capture of existing
P&T system

Northeast

I P
. T ey ¢ B
T ™

 Stratigraphic flux transect
around northwest corner
of property

« HPT for relative K

- Vertical aquifer profiling
for concentration




Geologic Setting

Sea Island Section of

Atlantic Coastal Province:

 salt marsh deposits

barrier islands

streams

A ARCADIS

Design & Consultancy
for natural and
built assets

DUNES
~ WASHOVER 2 BEACH
3 E
NN WL Y
NAIRY ; ,f‘_\‘.
\ o =
TIDAL FLAT/ / =
=/ noat /
MARSH F <> (o~ L 7
v 7
47/
—_— '///
== f
=</ SHOREFACE 771
v CHANNEL — 7]
.V =N -' ///
R 7
N = — —— 7
v e Gi
Voo vy e — - — — — = 7,
v v vV e T - 7,
\']

After Reinson, 1992



A ARCADIS

Design & Consultancy
for natural and
built assets

Geologic Setting

Cypresshead Formation:
* Upper — “massively bedded” fine sand
- Lower- greater clay and silt fraction
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- 1 £ ARCADIS | iz
Hydraulic Profiling “
_ HPT-02
DPT-02 Soil Log Pressure EC
0 htf oz o ez zo o
Sand/silt E
Clay/Sand B8R . = -
Geoprobe® HPT Tool . . 1
> Fine Sand .
25 . |
________ o 5 !
Sand/Silt - 8 tion
_______ o ] ! ! !
& 4 —
s ort
Fine Sand @ 3 ,
L
55 : 3
e T EE ﬁ"‘ \.)tO agp ig
SivClay B8 L £
FneSand 5o = | %
ine Sand = 70 oo -] ﬁf':% , =

© Arcadis 2015



Deph )

Design & Consultancy
for natural and
built assets

Relative K A ARCADIS

Flow (Q) /Pressure (P) = Est. K (Q/P)

ft/day
e 0.1 5 50 75

— « Q/P corrected based on empirical
] relationship with slug test data
S developed by Geoprobe

Ll
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Feet MSL

Stratigraphic Correlation A ARCADIS g
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Stratigraphic Flux

Hydraulic
Conductivity

(K)

X

A ARCADIS

Concentration

(C)
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0.0 500 1,000
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Feet MSL
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Stratigraphic Flux A ARCADIS
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Stratigraphic Flux A ARCADIS
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Case Study: 3D
Stratigraphic Flux
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Multliple Transects

Relative Flux (unitless)
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100,000
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1,000

100
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Stratigraphic Flux Model =~ FARCADISE=="
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Summary

BORING NAMEPoint ba depost — HydrofaC|eS mapp|ng &
TRl /£ . | hydraulic profiling provide key
en ) 1 £h.5:1i111H]  advantages:
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10 ravection| 1 graphically, or interpreted in
;m\\” EEE 3D model
_pE N[
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RS ASA . ;
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<105 Storage :




A ARCADIS

Des
for a d
bui

Summary

Stratigraphic Flux:
Focus the evaluation on zones that transport mass
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Focus on the Mass that Matters
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